ABSTRACT: Sexual reproduction is critical to coral population dynamics and the long-term regeneration of coral reefs. Bleaching, disease, and/or anthropogenic-induced tissue/colony loss reduce reproductive output. This is the first attempt to explore the effect of a biotic disease on the reproduction of scleractinian corals. The study aimed to assess the effect of yellow band disease (YBD) on the reproduction of the important Caribbean reef-builder Montastraea faveolata. Tissue samples were collected from diseased, transition, and healthy-looking areas in each of 5 infected colonies and from 5 healthy controls in southwest Puerto Rico. The effect of disease-induced mortality was assessed by collecting samples from the edge and center of surviving small and large, healthy-looking tissue patches from large, previously infected tagged colonies. Fecundity was significantly lower in disease lesions compared to transition and healthy-looking tissues and the controls (99% fewer eggs). Fecundity in transition areas was significantly lower (50%) than in healthy-looking tissues in diseased colonies, which had 23% lower fecundity than control tissues. Although this fecundity drop was not statistically significant, it could indicate a systemic effect of YBD across the colony. Large and small patches had 64 and 84% fewer eggs than controls, respectively, and edge polyps had 97% fewer eggs than those in central control areas. Field observations of the spawning behavior of each tissue area corroborated the histological results. Our results indicate that YBD significantly compromises the reproductive output of M. faveolata, potentially reducing the fitness and consequently, the recovery of this important reef-building species on Caribbean coral reefs. 
INTRODUCTION
Reproductive strategies, dispersion, and recruitment are key processes in the life history and evolution of wildlife species because they are strongly subjected to natural selection (Knowlton et al. 1992 , Hilbish 1996 , Saccheri & Hanski 2006 . Individual fitness can be defined as the average product of fecundity (e.g. number of offspring, eggs, gametes) and survivorship, both representing the net reproductive effort of an individual (Metz et al. 1992) . In corals, pattern and mode of reproduction, fertilization success, larval dispersal, recruitment, and juvenile survivorship are important components of fitness (Szmant 1986 , Edmunds 2005 , Van Oppen et al. 2002 , Vermeij et al. 2003 , Vermeij 2006 . Each of these processes is critical to coral population dynamics and the regeneration of coral reef communities (Harrison & Wallace 1990 , Vermeij 2005 . Recurrent recruitment failure and low reproductive output in corals have been highlighted as major reasons explaining why reefs are not recovering from recent community phase-shift events (Hughes & Connell 1999 .
At present, coral fitness is influenced by the combination of natural (predation, resource competition, environmental constraints, parasitism, disease) and anthropogenic (e.g. eutrophication, chemical pollution, habitat degradation, climate change) factors, which could reduce fecundity and/or decrease offspring survivorship. Biotic and abiotic diseases affect wildlife populations by reducing population sizes and genetic diversity. Infectious diseases have a strong negative influence on individual fitness of affected hosts, thereby representing a strong selective force for rapid pathogen and/or host evolution (Daszak et al. 2000 , Altizer et al. 2003 , Deredec & Courchamp 2003 . Parasites may affect fecundity by altering host physiology, host energy budgets, reproductive behavior of mates, and/or sex ratio of the affected populations (Gulland 1995 , Alker et al. 2004 . Several factors including competition, temperature, light, depth (Kojis & Quinn 1984 , Tanner 1997 , Mendes & Woodley 2002a , eutrophication (Ward & Harrison 1997 , Bassin & Sammarco 2003 , Bongiorni et al. 2003 , mechanical stress (Ward 1995) , sedimentation (Harrison & Wallace 1990) , oil pollution (Guzmán & Holst 1993) , UV light (Torres et al. 2008) , and bleaching (Szmant & Gassman 1990 , Mendes & Woodley 2002b have been shown to affect the reproduction and fitness of Caribbean, Indo-Pacific, and Red Sea corals.
During the past 3 decades, coral diseases have significantly influenced coral reef ecosystems around the world (Willis et al. 2004 , Sutherland et al. 2004 , Weil et al. 2006 , Harvell et al. 2007 , Carpenter et al. 2008 . Several epizootic events have caused extensive coral tissue mortality, significantly reducing live coral cover and biomass, with some important reef-building species suffering up to 95% mortality across their geographic range, particularly in the Caribbean region (Gladfelter 1982 , Lessios et al. 1984 , Aronson & Precht 2001 , Bruckner & Bruckner 2006 .
Most studies of coral diseases have focused on determining the effects they have at population and community levels (Nugues 2002 , Borger & Steiner 2005 , Bruckner & Bruckner 2006 . Besides 2 studies on the effects of the fungal disease aspergillosis on the reproduction of the Caribbean sea-fan Gorgonia ventalina (Petes et al. 2003, Flynn & Weil in press) , nothing is known about the effect of diseases on the reproductive biology and output of scleractinian corals, an important gap in information since diseases have become a major player in reef decline and sexual reproduction is essential for population and reef recovery.
Yellow band disease (YBD) is a widespread coral disease (Weil et al. 2002 , Weil & Cróquer 2009 ) that primarily affects the main Caribbean reef-builders Montastraea faveolata, M. annularis, and M. franksi. This disease seems to mainly affect the zooxanthellae and is closely associated with Vibrio bacteria (Cervino et al. 2001 , 2004a .
The mechanisms of coral tissue mortality, infection, and pathogen transmission, as well as vector(s) and reservoir(s), are still not known (but see Cervino et al. 2008) . Laboratory and field experiments have shown that the pathogen(s) is apparently not transmitted through the water or by direct contact of infected and healthy fragments/colonies (Cervino et al. 2004 , Bruckner & Bruckner 2006 . The disease typically produces an initial round, pale yellowish blotch surrounded by healthylooking tissues in central areas of the colony, or yellowish-pale bands at the colony edge or around depressed areas with sediment accumulation or algal growth ( Fig. 1) (Santavy et al. 1999 , Gil-Agudelo et al. 2004 ). The central areas of the blotches eventually die, leaving a crescent shape with the characteristic yellow band that varies in width (1 to 5 cm; Fig. 1b) . As the disease progresses, the crescent band expands in all directions. Some large colonies develop multiple lesions that usually coalesce (Fig. 1b) , often resulting in nearly complete or complete colony mortality (Fig. 1e) . The virulence of YBD (rate of tissue mortality) is highly variable, from a few millimeters to several centimeters per month (Bruckner & Bruckner 2006 , Harvell et al. 2009 ) and could be affected by nutrient concentrations (Bruno et al. 2003) , temperature (Cervino et al. 2004 , Harvell et al. 2009 , and other factors.
Before looking into how disease affects the reproductive biology (different stages and/or mechanisms), it is necessary to demonstrate that it does have an effect on the reproductive output. This study presents the first attempt to assess the effect of a highly damaging and widespread disease on the reproductive output (fecundity) of one of the most important reef-building species in the wider Caribbean, the star coral Montastraea faveolata.
MATERIALS AND METHODS
Study area and sample collection. The study was carried out in Turrumote reef (17°56.1' N and 67°01.1' W), a mid-shelf fringing reef located 2 km off La Parguera, on the southwest coast of Puerto Rico. As in many Caribbean reefs, the Turrumote coral community is dominated by large colonies of Montastraea faveolata between 3 and 15 m that have been persistently affected by YBD since the late 1990s. Disease prevalence increased from 1.0% in 1999 to 55% in the summer of 2007 (E. Weil unpubl. data) . To assess fecundity with high confidence by the identification and quantification of mature eggs, tissue samples were collected during the first week of August 2005, 1 wk before the expected spawning event of M. faveolata for that year.
Experimental design, sample collection, and processing. To assess the effect of YBD on the fecundity at different dynamic stages, we tested the overall effect of the disease on the fecundity of Montastraea faveolata in corals with active disease lesions (Expt 1) and then, in surviving patches of tagged colonies that were affected by YBD in previous years and had not shown disease signs for at least 1 yr by the sampling date (Expt 2). In Expt 1, overall fecundity (total number of eggs counted in transversal polyp preparations) was compared among 4 treatments from 5 YBD-infected colonies with similar diameter (1.5 to 2.0 m), located at the same depth (10 m), and separated by at least 5 m to avoid clones (ramets). A single sample was collected from each of the following tissue treatments in each of the 5 colonies (independent replicates): (1) control (CO) from healthy-looking colonies with no signs of any disease or other stress, (2) healthy-looking areas (HD) in the YBD-infected colonies, (3) transition area (TR) (2 to 3 cm from YBD lesion), and (4) diseaseinfected areas (YB) away from colony edges (Fig. 1a,c) .
In Expt 2, we tested the effect of mortality caused by multiple YBD infections on the fecundity of recovered Tissue samples were carefully collected by coring or by cutting areas no larger than 5 cm in diameter with a hammer and chisel. Cores/pieces were put in labeled plastic bags and immediately taken to the laboratory and fixed for histological preparation and analysis.
Histological preparation followed well-tested protocols (Szmant 1986 , Szmant & Gassman 1990 : (1) fixation with Zenker-formaline (10%) solution for 24 h, (2) rinsing with tap water for 24 h, (3) decalcification with multiple changes of 10% hydrochloric acid and testing for CaCO 3 residuals with the ammonium oxalate test, (4) preservation in 70% ethanol, (5) dehydratation with ethanol and isopropanol solutions, (6) embedding in paraffin at 60°C, (7) sectioning with a rotary microtome (Leitz 1512) and (8) staining according to Heidenhain's aniline-blue method.
For each treatment, 5 histological tissue sections (one from each independent colony) were observed under the microscope to check and count the number of eggs. Average fecundity was estimated by counting the eggs present in the transverse section of the 12 polyp mesenteries in each of 5 non-contiguous polyps haphazardly selected from the microscope field of view projected on a computer screen through Sigma-Scan (SPSS) image analysis software. Results from histological analysis were complemented with direct spawning observations in the field. We monitored the spawning behavior of Montastraea faveolata colonies from which tissue samples were collected as well as from several other healthy and diseased colonies in the same reef, paying close attention to the diseased, transition, and healthylooking areas within diseased colonies, control colonies, and the different sized surviving patches.
Data analysis. A variance component analysis was performed to estimate the total variance explained by treatments, mesenteries within polyps, polyps within colonies, and colonies. In Expt 1, fecundity was compared among compartments/treatments (CO, HD, TR, and YB) with a 1-way analysis of variance (ANOVA). Data were transformed (√ y + 0.5) to fulfill ANOVA assumptions (Sokal & Rohlf 1995) . To assess the effect of size reduction by partial mortality (patch size = S and L) and tissue location (center and edge) on fecundity, a nested ANOVA (location nested within patch size) was done. A Bonferroni test was performed for post hoc comparisons in both experiments. We could not perform an analysis of covariance (ANCOVA) because the slopes of pooled treatments and the covariate (patch size) were not homogenous even after data transformation. Instead, a simple linear regression between the total number of eggs per polyp and per mesentery and the size of each patch (i.e. surface area) was performed. To test if the number of gravid mesenteries within the polyps was independent of treatments (i.e. tissue compartments, patch size, and position), a G-test for fixed counts was used (Sokal & Rohlf 1995) .
RESULTS
Polyps and mesenteries from YB, HD, and TR tissues had significantly fewer eggs than healthy tissues in CO colonies. Close to 73% of the total variance of the mean number of eggs was due to variability among tissue treatments, 20% to experimental error, and 3.8, 2.1, and 1.1% to variation among colonies, polyps, and mesenteries, respectively. Variance values resulted in part from the low number of replicates. A 1-way ANOVA indicated a significant reduction (99%) in the mean number of eggs within the mesenteries (F = 4.6, df = 3, p < 0.05) and polyps (F = 22.9, df = 3, p < 0.05) in YB tissues compared to CO tissues (Fig. 2) . YB tissues had 0.02 ± 0.2 eggs mesentery -1 (mean ± SE, n = 60) and 0.3 ± 2.4 eggs polyp -1 (n = 5), whereas in the controls, the mean number of eggs per mesentery and per polyp was 2.3 ± 0.2 and 23.7 ± 2.4, respectively. Likewise, there was a significant reduction (50%) in the total number of eggs found within mesenteries and polyps in TR tissues compared to CO tissues (Fig. 2) . HD tissues had 27% lower fecundity compared to CO, but 24% higher fecundity than TR tissues, although neither of these differences was significant (Fig. 2) . Furthermore, there was a strong dependency (G = 529.8, df = 3, p < 0.05) between the total number of mesenteries bearing eggs and types of tissues (CO, HD, TR, and YB; Table 1 ). These results showed an important trend indicating the potential systemic effect of YBD on infected colonies of Montastraea faveolata, which increases the overall colony effect of this disease.
Results from Expt 2 showed that the size of the surviving patches (F = 40.2, df = 2, p < 0.05; nested ANOVA) and the location of the sample (F = 25.4, df = 2, p < 0.05) had significant effects on fecundity (mean number of eggs per mesentery and per polyp) in the patches. Large and small tissue patches had 64% and 84% reduction in fecundity, respectively (fewer eggs polyp -1 ) compared to controls (Fig. 3) . Mesentery and polyp fecundity and patch size covaried significantly and positively (r 2 = 0.55, p = 0.01 and r 2 = 0.54, p = 0.01, respectively), such that larger patches had higher fecundity (Fig. 4) . Fecundity at the center and edge of small patches and the edge of large patches was 2 orders of magnitude lower (0.08 ± 0.03) than controls (2.5 ± 0.19) with 97% fewer eggs (0.96 ± 0.4) than control colonies (29.4 ± 2.3), and it was 50% lower (1.3 ± 0.2) at the center areas compared to controls, indicating that sexual reproduction was still affected even in the large disease-surviving patches (Fig. 5 ). There was a strong and significant dependence between the number of mesenteries bearing eggs and the size of the patches (G = 3164.8, df = 2, p < 0.05) and the tissue location (edge, center) within the patches (G = 1038.3, df = 2, p < 0.05; Tables 2 & 3) . Field observations of the spawning behavior of healthy and YBD-infected colonies were consistent with the histological observations. All observed healthy colonies of Montastraea faveolata were ready to spawn by 21:30 to 22:15 h during the seventh night after the full moon of August 2005. Spawning of healthy colonies occurred between 21:45 and 22:15 h, and depending on colony size, it took between 20 and 35 min to complete. YBD-infected tissues did not show any spawning behavior and did not spawn in any of the monitored diseased colonies, and only a few bundles were released from the TR tissues. The areas of healthy-looking tissues of diseased colonies spawned, but no significant qualitative differences could be observed with CO colonies. From the histology slides, it could be inferred that HD gamete bundles probably had significantly lower numbers of eggs than CO bundles. All small patches (<100 cm 2 ) and smaller colonies observed did not spawn or show any spawning behavior, whereas larger patches (400 to 1000 cm 2 ) spawned in synchrony with the large colonies.
DISCUSSION
Quantitative and qualitative results of this study indicate that YBD could affect the reproductive output of Montastraea faveolata by at least 5 mechanisms: (1) loss of reproductive polyps by disease-induced tissue mortality, (2) significant reduction in fecundity in disease lesions and nearby transition areas with a potential systemic effect over the entire colony, (3) reduction of live-tissue areas below the size threshold for sexual reproduction (small patches), (4) reduction in fecundity by increases in the 'edge effect' produced by partial mortality, and (5) reduction in energy production in the pale, yellowish zooxanthellae-depleted areas. Furthermore, if YBD-infected colonies have compromised immune systems, they would be more susceptible to other infections that could further develop into multiple diseases affecting a single colony, already observed in several localities around the Caribbean (Cró-quer & Weil 2009a , Weil & Cróquer 2009 ), which could further reduce fecundity.
Pathogens represent a strong selective force for wildlife populations as they affect individual fitness by reducing the reproductive output of infected hosts (Alker et al. 2001) . While the effects of pathogens on the reproductive output of wildlife populations of ter- Table 3 . Montastraea faveolata. G-test analysis showing the total number of gravid (with eggs) and non-gravid (no eggs) mesenteries in control, patch center, and patch edge tissues from previously tagged, infected colonies that had no disease signs in the previous 2 yr (n = 12 mesenteries × 5 polyps × 5 colonies × 2 positions) restrial animals have been well studied (Gulland 1995) , in corals, this problem remains poorly understood (Petes et al. 2003, Flynn & Weil in press) . Our results indicated a significant reduction in fecundity of Montastraea faveolata infected with YBD, which affects their fitness, with potential detrimental consequences to population dynamics and reef recovery. Sexual reproduction failure in anthozoans has been associated with many sources of stress including those mentioned above (turbidity/sedimentation, eutrophication, mechanical stress, oil and chemical pollution, bleaching, UV radiation), and recently, as shown in this study, biotic diseases play an important role. While previous spawning observations have shown healthy-looking tissues in colonies with YBD-releasing bundles (Bastidas et al. 2005) , results of the present study provide the first quantitative evidence of infertility in polyps affected by the disease, and a significant reduction in fecundity in polyps close to the lesion. Although no significant differences were found, the trend observed indicated that YBD might have a systemic effect, affecting healthy-looking tissues far from the active lesions in infected colonies. This systemic effect might be more evident in colonies with multiple lesions. Reduction in fecundity could result from significant depletion of energy resources (e.g. redirected for other physiological needs such as immune responses) that might affect energy budgets in infected hosts. Corals receive more than 80% of their energy requirements from photosynthesis (Muscatine 1990) , and because YBD-infected tissues have low densities of zooxanthellae (Cervino et al. 2001 (Cervino et al. , 2004 , less energy for reproduction is available. Moreover, energy could be translocated into affected tissues from healthy areas; however, if the whole colony is compromised and resources have been diverted (immune and defense responses or new asexual reproduction and tissue repair), output by sexual reproduction may ultimately be affected.
Normally, corals distribute their energy into 3 main processes: (1) growth (which includes tissue regeneration), (2) maintenance (respiration, feeding, defense) and (3) reproduction (production of male and female gametes, spawning) with each competing for the coral's resources (Harrison & Wallace 1990) . The patterns of stress response in corals indicate that resource allocation to various life functions is hierarchical, with maintenance, repair, and growth preceding sexual reproduction in many situations (Harrison & Wallace 1990) . Tissue regeneration frequently proceeds at the expense of sexual reproduction in sponges and corals. Regenerating individuals often reduce fecundity and remain sexually infertile or may prematurely shed nonviable sexually-derived larvae (Richmond 1987 , Van Veghel & Bak 1994 , Rinkevich 1996 , Henry & Hart 2005 . In cases where energy does not seem to be limiting, sexual reproduction may also be suppressed following regeneration due to the exhaustion of stem cell resources that are used in gamete production and regeneration. Recent studies have shown that translocation of 14 C labeled photo-assimilates is preferentially directed away from diseased tissues, with minimal 14 C activity observed in the lesion borders (Roff et al. 2006) .
Preferential movement of photo-assimilates away from diseased tissues may represent a 'deliberate' strategy by the colony to induce a 'shutdown reaction' in order to preserve intra-colonial resources within areas of the colony that are more likely to survive and recover (Roff et al. 2006) . Although untangling the mechanisms by which fecundity is reduced goes far beyond the scope of this study, energy reallocation might explain the 50 and 27% fecundity reduction in transition and healthy-looking tissues in diseased colonies, respectively.
The high concentration of lipids in oocytes could be a source of energy when resources are depleted. Oocyte re-absorption (Szmant-Froelich et al. 1980) could then provide energy in resource-limited diseased tissues/colonies. In Diploria strigosa, for example, up to 30% of oocytes may degenerate and be reabsorbed (Harrison & Wallace 1990) . Endolithic algae might be another source of energy in diseased colonies by re-allocating photo-assimilates for tissue repair or defense mechanisms (Fine & Loya 2004) . We observed higher biomass of algae in skeletal areas underneath the partially bleached YBD-infected tissues after decalcification, so it is possible that affected tissue remains alive longer due to photo-assimilate translocation from these algae.
Fragmentation has negative effects on the reproductive output of scleractinians (Kojis & Quinn 1981 , Szmart-Froelich 1985 , Harrison & Wallace 1990 . Results of this study showed that the effect of YBD on reproduction in Montastraea faveolata persists even after the infections have arrested. Fecundity of previously infected colonies remained significantly low compared to healthy control corals due to the disruption of tissue continuity and a concomitant extension of the 'border effect' in the new-formed edges of the surviving patches. Our results showed that large and small patches of living tissues had a 64 and 84% reduction in fecundity, respectively, compared to control corals and that edges had significantly lower fecundity than central areas in the sample patches.
Corals distribute their reproductive effort in a spatial gradient, with more fecundity concentrated towards the center of the colonies and absence of gametes in their edge areas (Harrison & Wallace 1990 ), where energy and resources are used for modular growth and regeneration rather than for sexual reproduction (Szmant-Froelich et al. 1980 , Szmant-Froelich 1985 , Henry & Hart 2005 . Furthermore, scleractinian corals have a variable minimum sexual reproductive size, depending on the species. Colonies of Montastraea faveolata do not sexually reproduce until they are larger than 100 to 110 cm 2 (Szmant-Froelich 1985) . Thus, YBD not only compromises fecundity in tissues of diseased colonies, but also reduces living areas below the minimum size for sexual reproduction and increases the border effect through partial mortality. This was supported by the significant positive correlation found between fecundity and size of patches, lower number of gravid mesenteries in the tissues bordering living patches, and field observations of spawning.
Lower numbers of gamete bundles and/or bundles with fewer eggs would affect fertilization success and production of new larvae (Harrison & Wallace 1990 , and eventually, the effective number of new recruits incorporated into the population. Recruitment failure has been highlighted as one of the major factors challenging the resilience of coral reefs , 2004 , Hughes et al. 2003 . Edmunds (1991) found low recruitment onto bare skeletons recently exposed due to partial mortality produced by black band disease. Thus, while coral diseases act as a 'natural disturbance' opening space for new recruits, overall recruitment is probably decreasing because diseases and other stressors are reducing the fecundity of adult colonies. The extensive bare areas left by disease-induced mortality of Montastraea faveolata and M. annularis colonies due to YBD, white plague (WP-II), and bleaching in recent years will serve as natural experimental areas to test this hypothesis.
As a strong selective force on susceptible taxa, and because they are affecting not only major coral species but several other important reef organisms as well (Weil 2004 , Weil et al. 2006 , diseases of coral reef organisms might have long-term and evolutionary consequences on the structure and dynamics of individual species and coral reef communities and ecosystems. After the regional decline of acroporids, the Montastraea species complex has remained as the most important reef-building corals in the Caribbean, with high abundances and cover, large and structurally complex colonies, and extensive geographic and depth distribution patterns (Weil & Knowlton 1994) .
However, the 3 species in the Montastraea annularis species complex and M. cavernosa, which are important and abundant reef-builders, are also highly susceptible to 7 other biotic diseases and to bleaching (Weil 2004 , McClanahan et al. 2009 ). Of these, WP-II is a highly virulent disease with frequent outbreaks in recent years producing significant mortalities in several localities around the Caribbean (Richardson 1998 , Weil et al. 2002 . High partial tissue mortalities due to bleaching were observed for the first time during the strong 2005 event in several localities , Cróquer & Weil 2009b , adding to the already depleted fecundity in this species. Furthermore, bleaching reduces fecundity (Szmant & Gassman 1990 , Mendes & Woodley 2002a ; thus, surviving tissues undergo reproductive failure after a strong bleaching event, as observed in 2006, when M. faveolata colonies in Puerto Rico produced very few bundles, which were non-viable in laboratory cultures (E. Weil et al. unpubl. data) .
Recently, Carpenter et al. (2008) indicated that declines in abundance of scleractinian coral species around the world seem to be mostly associated with bleaching and diseases driven by elevated sea surface temperatures, with their extinction risk further exacerbated by local-scale anthropogenic disturbances. Results of this and other studies have shown that diseases and bleaching significantly reduce the fitness of major reef-building species, thereby affecting the potential for natural recovery of their populations by sexual recruits. If we add all other environmental and anthropogenic stressors that reduce not only fecundity, but fertilization success, recruitment, and juvenile and adult survivorship, the future of important reef-building species as major structural and biological components of Caribbean coral reefs might be in jeopardy. The current widespread YBD epizootic affecting the Montastraea spp. complex (Cróquer & Weil 2009a ) could potentially produce a second Caribbean-wide coral community phase-shift, with many reefs experiencing significant losses in live coral cover and changes in their structure and composition with uncertain short and long-term (evolutionary) consequences at the population, community, and ecosystem levels.
In conclusion, YBD and potentially other coral diseases can affect the fitness of major species of corals by loss of reproductive polyps, reduction of fecundity in transition areas and systemic effects of the disease, increasing the 'edge effect' within colonies, and the fractionation of tissue continuity producing small patches of live tissue within colonies, among other mechanism that reduce fecundity and therefore affect overall fitness. As diseases are becoming more prevalent in reefs around the world, fitness of susceptible coral species could be significantly reduced by disease-induced mortality and physiological and/or systemic effects with negative implications for population dynamics and coral reef recovery. 
